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Abstract (0)

Age-related macular degeneration (AMD) is a disease that, in multiple stages, causes

damage to the macular leading to gradual and non-reversible loss of central vision and, in certain

cases, legal blindness. It is the leading cause of vision loss for adults aged 60 and older. As of

2019, 19.8 million people in the United States had a form of AMD. Currently, there exist many

technologies that provide assistance to those with visual impairment, but most of these works are

aimed at helping those who are already blind. Therefore, we propose and implemented an

application for progressive training for AMD patients that tackles (1) how to enhance the

livelihood of patients at the current stage of AMD and (2) how to prepare patients for more

vision loss that may occur in the future as they proceed to the next stage. We design a solution

that is divided into several levels, each corresponding to a stage of AMD. It follows that our

application is not only able to address patients in any stage of the disease but it will also remain

to offer different and unique features as the disease progresses. This makes our application a

comprehensive platform for AMD patients.

Keywords – macular degeneration, augmented reality, assistive technology, eye movement

training, oculomotor control training, low-vision, low-vision rehabilitation, blind, visual

impairment.
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Introduction (1)

The leading cause of vision loss for adults aged 60 and older is age-related macular

degeneration (AMD). AMD has been estimated to affect one in three individuals aged older than

75 and one in 30 individuals older than 52 years and, in a recent study in 2019, up to 19.8 million

people (12.6%) aged 40 and older in the United States are affected by some form of AMD

(Klein, 1997) (CDC). The disease and accrued vision loss remain non-reversible. Currently, there

exist many technologies that aim to provide assistance to patients with visual impairment.

However, most of these works are considered assistive technologies or geared toward helping

those who are already blind. Many technologies designed for AMD patients are also expensive

and unable to remain beneficial to patients once the vision loss increases as the disease

progresses.

In this paper, we propose and implemented a comprehensive application, MAC-U-Vision, that is

specifically tailored to help AMD patients starting from the time of diagnosis to every stage of

the disease. MAC-U-Vision is a mobile/tablet application for progressive training for AMD

patients that tackles (1) how to enhance the livelihood of patients at the current stage of AMD

and (2) how to prepare patients for more vision loss that may occur in the future as they proceed

to the next stage of the disease, which are the primary contributions of our work. Our platform

solution is organized into several stages, each corresponding to a stage of AMD. Throughout the

stages, we incorporated key features such as augmented reality (AR), eye movement and

oculomotor control trainings, text-to-speech, discussion forums, referral options to related

professionals, and educative and informational pages among others.
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This paper is organized as followed: in section 2, we provide a brief discussion of the disease

background as well as relevant eye movement and oculomotor control trainings studied in

existing literature. Section 3 comprehensively explains the design and implementation of all the

stages available in our application. This is followed by the discussion and user evaluation

(section 4) and the conclusion (section 5).

Related Works (2)

One of the symptoms of AMD is the gradual increase of central scotomas (blind spots). It

follows that patients will increasingly rely on their peripheral vision (sight outside the central

field of vision). The progression of scotoma can cause various difficulties for patients in their

daily lives. For example, a study conducted by Taylor et al. (2017) shows that patients will

experience limitations in their visual search and scanning abilities (Taylor, 2017). Their study

examines how patients perform visual searching in computer-based “real-world” and “everyday”

tasks such as identifying a street name on a photograph and pointing at a landmark on a map

among others. In a similar study by Higgins et al. (2020), patients take longer to visual search

everyday objects and identify road signs (Higgins, 2020). Not only does AMD decrease the

aforementioned visual abilities, but it also lowers the patients’ reading rates. In patients with

central scotomas, the patients’ reading rates can range between 20 to 50 words per minute or

lower. This is at least one-third the rate of the control group (i.e. those without AMD) (Seiple,

2005).

To counter these problems, Seiple et al. (2005) developed a variety of eye-movement

control training exercises that were able to increase reading speed among AMD patients (Seiple,

2005). These exercises, for example, involve preset and random searches and letter and word
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identification on a moving window among others. One of the key contributions of this work is

that even though the exercises do not primarily involve direct practice in reading sentences, they

are able to help increase reading speed by focusing on eye position and movement practices. In a

later study, Seiple et al. (2011) examined various training module types and found that a

curriculum like the ones developed by Seiple et al. (2005) are most effective at increasing

reading speed among patients with AMD when compared to other rehabilitation modules (Seiple,

2011).

Design and Implementation (3)

MAC-U-Vision is organized into three stages, each corresponding to a stage of AMD.

Additionally, all users can use the connecting and the scotoma tracking feature while having

access to the stage-specific features and implementation depending on their disease stage and

progression.

Fig. 1: Layout and organization of the major features in MAC-U-Vision.
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A. Stage 1 (Educational interface and augmented reality)

Stage 1 is aimed at helping patients cope with emotions that may appear and help family

members develop understanding for the patients.

Educational Interface

We implemented several information pages to help patients understand the disease better. For

example, we created pages for what to expect, how previous patients have coped with AMD, and

what you can do to slow impairment. The contents of these pages include texts, images, and

videos.

Fig. 2: Sample page of the educational interface.
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Adaptation of augmented reality (AR)

We integrated an adaptation of AR technology via Unity into our platform. Users, in

real-time, are able to move their cameras around to simulate what it is like to have AMD and

central scotoma of varying intensities. A dark blind is placed at the center of the camera – it can

also be adjusted to varying sizes where the largest one would be for simulating the later stage of

the disease when the central scotoma is the largest as well.

Fig. 3: AR implementation used as part of the educational interface in Stage 1.

Page listing support groups and referrals

AMD affects a large number of the elderly population, so there are existing support

groups to help new patients cope and adapt. This includes support groups at both Lighthouse
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Guild and beyond. A list of these are carefully selected and placed on a single page in the

application.

B. Stage 2 (Eye & oculomotor control and rehabilitation trainings)

Stage 2 focuses on eye movement and oculomotor control training. Section 4 (Discussion

and User Evaluation) further elaborates on their research values and how they were chosen.

Clockwise training – In this training set, small dots are arranged in a clock pattern with a larger

dot at the center of the screen. Patients sequentially search and point/click the dot in a clockwise

pattern – a dot disappears when it is touched. The timer starts the moment the patient touches a

dot and stops when all the dots disappear.

Scattered training – This training is similar to the clockwise training. However, instead of

presenting the dots in a specific pattern, the dots are now scattered across the screen. Patients

continue to record their time performance.

Eccentric fixation chart - In this section, users can use the chart to explore where their “sweet

spots” - i.e. the area in their field of view where they can see best - are. The chart contains letters

that are organized in circular patterns (total of 3).
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Fig. 4: (a) Clockwise training and (b) eccentric fixation chart.

C. Assisting at the last stage (networking)

Discussion forum - The discussion forum serve as a networking and connecting spot for

patients, helpers, and family members.
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Fig. 5: Discussion forum sample.

D. Features for any stage

Scotoma tracking feature

We will use the eccentric fixation chart as the basis to track scotoma progression over time.

Patients can use the scotoma progression tool by pointing to where blind spots are in their visual

field. This feature will be a self-progression tool for users to track their vision over time

(weeks/months)/ This feature is currently under development.
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Text-to-speech - To ensure accessibility for the patients, we have a text-to-speech feature that

use the white box method to represent a piece content made available by audio. Users can press

and hold to turn the content into audio.

Discussion & User Evaluation (4)

To assist at the first stage of AMD, where patients have minimal to mild loss of vision

and usually near the time of diagnosis, we focused on the patient’s mental health and

informational practices. During the literature review phase of our research, our initial interviews

with two patients (83yo M and 71yo F) suggest that they were most vulnerable to depression at

this stage and, at first, did not fully understand the disease and how it progresses. Therefore, we

implemented the educational interface, connect feature, and referrals to low-vision mental health

providers to tackle the aforementioned concerns. The purpose of the AR is to also further teach

patients about the progression of AMD and what vision could be like if the disease progresses.

AR, additionally, can also raise awareness of AMD for the general public and, more importantly,

help patients’ family members develop an understanding and compassion for the patients.

And while the connect feature is available for use throughout all the stages, patients may find the

discussion forum and the chat the most helpful in the first stage, as they are geared toward

helping patients cope mentally and connect with other patients who had the same experience

before during diagnosis. Additionally, patients can also utilize our scotoma tracking feature,

which is designed to track the progression of the disease in the long-term (scale: months and

years). This will not only help family members understand the current symptoms but the

patient’s ophthalmologist and optometrist may also find such information helpful.
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To assist at the second stage of the disease, where patients experience moderate vision

impairment and larger drusen, we incorporated eye training and exercises. Since patients with

AMD have difficulty reading because the disease decreases the eyes’ ability to scan, we

implemented trainings that target the patients’ eye movement with the goals of improving search

efficiency and increasing reading speed. These training, such as the preset clockwise and

scattered search among others, are adaptations of and based on the study conducted by Seiple et

al. (2005). Seiple et al. found that the (original) preset-search task, for example, improved the

response time of patients. On the first trial, patients had a response time of 1640 ms on average.

This decreases to 1347 ms on the last trial (16 patients, 65-87 years, mean = 77 Y) (Seiple,

2005).

Moreover, since one of the goals of our application is to remain with the patients

throughout the disease progression, we specifically designed a training module that requires

minimal external equipment. In our initial interviews, patients have previously bought assistive

equipment such as a headset. But after months and years, such equipment is no longer

compatible with the patients because the disease has progressed. Hence, our training module is

primarily non-eye-tracking and does not require external tools or accessories.

The third stage of AMD is the most difficult to design a solution idea primarily because this is

when patients would have already lost their central vision entirely. We included basic features

that connect patients with helpers to learn and practice new strategies for performing daily tasks

without sight. This stage requires the most involvement from the community compared to other

stages, which is one of the reasons why we also initially designed our platform to be usable by

the general public and family members among others to help raise awareness and develop

understanding.
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Patient Age
(y)

Sex Cause of vision loss

1 54 F MD, glaucoma

2 83 M MD

3 - - MD, retinal atrophy

4 - - MD

5 - - MD

Mean - -

Table. 1: Characteristics of patients that participated in our study. (MD = macular degeneration).
There are 3 patients we plan to interview in the coming weeks.

To perform user evaluation, we informed the patients about the goals of our application

and allow them to spend time on the application. We then ask the patients several questions we

prepared on the questionnaire. We have a list of 5 patients total that we will include in the URTC

manuscript. For the final project, we are including the first two (54F and 83M). We have

received positive feedbacks and support from both patients as they find many of our

implemented features useful. For example, the 83M patient reported that he finds the eccentric

fixation helpful for finding his sweet spot. The eccentric fixation chart contains letters organized

in a circular pattern. He was able to take advantage of the letter cluster to find where his vision is

the clearest and least blind spot for reading texts. During the clockwise and scattered training

sets, the patients have several incorrect taps and report that the trainings are good at helping them

train their eyes to correctly focus on the dot saccade. Both patients had trouble seeing the button

bars and cannot read the texts on the app as a result of the disease. Patients can see text blocks

but cannot interpret the words. However, this problem can be resolved using our text-to-speech

feature that reads out the text to patients upon being tapped on. The phase where they need most

assistance would be the initial registration. Although login information can be saved for future
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sign-ins, the initial registration may require external helps as new users would have to manually

type in their email and set their password.

Potential Markets and Branding (5)

The demographic of our target market will consist of elderly people, in particular those

that are above the age of 40 years old. As we have discussed previously, AMD is the leading

cause of vision loss, affecting up to 11 million people in the United States alone. In 2006, it was

estimated that 4.1% of New Yorkers over the age of 40 years old were affected by AMD. We can

estimate this number to be around 350,000 through 400,000 given the population data in 2006

being just under 9,000,000 for people aged 40 and over. However, this was over 15 years ago.

Over time we have seen an increase in cases and is even expected to double over the next few

decades. This means that we can very well expect to see the number of people affected to reach

over a million people, and that’s in New York State alone.

As we scale our business and impacts, we will continue to target our service for AMD

patients in the US and beyond. By 2050, existing research projected that AMD will affect up to

22 million people in the US alone. On the global scale, there are estimates that almost 9% of

people with age over 45 will be diagnosed with AMD of some form, which is a total of

approximately 196 million people. Since we focus on software, the distribution will also be

easier provided users have a mobile phone or tablet and access to the internet.

In our logo and icon, we aim to use colors that represent trust and nurture, which are

important when interacting with patients. The bold font is designed to be visually accessible with

maximal contrast, making it easier for the patients to see and focus. Additionally, we have an eye

with the pink heart in our logo to represent our app’s goal of assisting AMD patients emotionally
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and mentally, spreading awareness of the disease, and encouraging family memebers to develop

empathy and compassion for the patients.

Figure 6: App and logo of the platform.

Conclusion (6)

MAC-U-Vision aims to provide progressive training and assistance for AMD patients

throughout all the stages of the disease. By organizing the platform into multiple stages, each

tackling a stage of AMD, we can enhance the livelihood of patients at their current stage of the

disease, help patients prepare for more vision loss that may occur as the disease progresses, and

support patients emotionally – which are our primary contributions. Our work helps fill the gap

that most technologies are primarily assistive technologies or aimed to help those who are

already blind or those whose vision is severely affected.

As for future work, not only do we plan to incorporate more eye movement and

rehabilitation trainings into our study but we also want to extend the features by using an

external eye tracker. Using an eye tracker will be part of the study on feedback loops for patients.

That is, the eye tracker can help the app inform the patient of how the patient can, for example,

correctly point to a dot saccade in the training. This feedback loop system has been studied in

optometric research and can be beneficial to implement in our platform.
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